To optimize the sensitivity and minimize lift-off effects of electromagnetic NDE devices requires an understanding of the source and distribution of electromagnetic fields. This understanding is particularly difficult when conductive devices other than the sample are in the vicinity of the field. Such is the case with the modified AC magnetic bridge [1] which has a conducting insert in the vicinity of the gap in proximity to the sample.
cancels the magnetic field within the insert. The magnitude of lin is found by calculating the lift-off reluctance variation from the fluxes produced by the l"q's and lin and comparing this lift-off reluctance variation to the measured lift-off reluctance variation.
Throughout, magnetic fields are assumed to arise from a series of current elements of length a where a is the width of the ferrite gap face in the y direction, with the z direction perpendicular to the plane of the gap face, and the x direction bisecting both ferrite gap faces and the insert symmetrically. It is a very straightforward exercise to show that the magnetic field B generated by a single such current element of length a in the y direction and bisected by the origin of coordinates (where the unit vectors 1 , J , k are in the x, y, and z directions respectively) is as follows:
The value of B here is normalized to p.J/47f where 1-' 0 is the permeability of free (1) space and where the field arises from a current I. The problem is to identify and locate the current elements of length a and then to superpose the fields as calculated from the above formula with appropriate corrections for coordinate locations and directions of the current. Five current elements were identified.
Drawings of a bridge similar to that used here can be seen in Ref. At any instant, the magnetic flux emerges from one gap face in Fig. 1 and enters the other gap face. There is no reason to believe, however, that the flux leaving and/or entering a gap face is uniformly distributed over the gap face. Woodward [5] measured off-null voltage profiles while sweeping a bridge gap over saw cuts of differing widths in aluminum plates with a modified AC magnetic bridge similar to the one used here. Those profiles with their average backgrounds subtracted are shown in Fig. 2 . In Fig. 2 where the displacement was zero, the bridge was centered over the center of the saw cut. The bridge was nulled on the same sample and two-inches away from the same saw cut. With the assumption that the width of the profile at the base was equal to the width of the insert (0.015 inches for Woodward's work), plus the width of the saw cut, plus twice the width of the portion of the gap face b (shown in Fig. 3 ) which actually produces the field, an average value of b of 0.025 inches was calculated from the three profiles. Since each ferrite gap face was approximately 0.25 inches long in the direction of b, only a small part of the gap face actually produced a field. There was probably an error of plus or minus 0.005 inches in the measured value of b.
As a result of the above measurement, the location on the gap face of the equivalent surface-current loops used to describe the magnetization can be seen in Fig. 3 . The loops on the two gap faces will be oppositely directed. It will be assumed that the surface current densities near the gap face can be integrated to effective currents Icq.
The contributions to the magnetic field B for the four current elements of length a from the two loops shown in Fig. 3 were calculated. The contributions of currents in the direction b were ignored in this approximate calculation. The superposition of these contributions at a lift off of 0.001 inches, approximating the values used in Woodward's measurements, is shown as the lower curve of Fig. 4 where it can be seen that three peaks of approximately equal magnitude occur. The displacement values 0 and 0.072 inches centered over the gap faces, and the value 0.036 inches was over the center of the conducting insert. This curve should be similar to those produced by the gap scans shown in Fig. 2 . However, Woodward's scans show only single peaks and those peaks are directly over the center of the insert.
The difference between the calculated field curve and the measured curves is that the calculation ignores the electromagnetic aspect of the field. The field induces an electric current in the conducting insert. To account for this, a current I;,. is added to the center of the insert as shown in Fig. 5 . The direction of the current can be determined through Lenz's Law. The magnetic field produced by lin must be such as to cancel the magnetic fields of the 1"'1' s in the insert. The direction assumed for lin for the particular temporal excursions which produce the lin's is shown in Fig. 6 where it can ... be seen that the directions of the field produced by lin generally cancel the directions of the magnetic fields produced by the ~'s. In Fig. 6 , the + symbols indicate a current in the positive y direction. It is also clear from Fig. 6 that a current distribution across D would be a better approximation for cancellation of the magnetic fields produced within the insert than the centered, single current assumed here.
Nevertheless, an additional field was calculated from the centered lin current element. The calculated field was multiplied by a normalizing factor k and superposed on the fields of the four current elements of~. The resulting total field with k = 7 and at a O.OOI-inch lift off can be seen as the upper curve of Fig. 4 . The resulting curve looks very much like the Woodward scan in Fig. 1 except for the satellite peaks at 0.012 and 0.058 inches. These satellite peaks should disappear with a more sophisticated calculation involving a current distribution across the insert.
The value of the normalizing factor is quite interesting in that, if correct, it indicates a large increase in intensity in what is, in effect, the fringing flux produced by the gap design. This observation is in agreement with scans made of gaps with and without conducting inserts where the scans were carried out by moving O.OI-inch sized ferrite chips through the gaps.
The normalizing factor was determined as follows: The variation of the real reluctance with lift off was determined through measurement and is represented by dots in Fig. 7 . The magnetic field profiles in the z direction produced by the superposition of the leq's and lin were determined at ten values of x across the gap which were numerically averaged and integrated to various values of z (lift off) to produce quantities which were proportional to the flux for those values of lift off. This operation was carried out for various values of k. The average flux values for each value of lift off were inverted to be proportional to the reluctance, and the curve was normalized to fit the measured lift-off data. The same normalizing value was used for each k. The value of k was decided from the best fit of the calculated reluctance curve Admittedly, there are a series of assumptions in this whole procedure which have not been explicitly stated. As a first step, the procedure schematizes a procedure where distributions of lin within the insert can be guessed on the basis of a more accurate fit to a lift-off curve. For this purpose, the measured lift-off curve should be experimentally extended. However, the technique described here may be accurate enough to predict optimum values of D which can then be tested through flaw detection experiments of the type used by Woodward.
